Objective: We sought to determine whether the MNA (Mininutritional Assessment) would be an effective tool for assessing the nutritional status of patients undergoing hemodialysis.
T HE RISK OF MALNUTRITION in pa-
tients on hemodialysis (HD) is high because these patients are likely to have depressed appetite, restricted diet, and increased dialysis-related loss of nutrients. Improving their nutritional status to prevent malnutrition-related complications is usually a priority in their treatment program. 1 Traditionally, clinicians rely on anthropometric measurements, food intake record, biochemical indicators, and nutrition or appetite assessments to evaluate the nutritional status of HD patients. [2] [3] [4] Proper application of these tools often requires professional knowledge or special training, and some may involve invasive procedures. Simpler and less involved assessment tools, especially if noninvasive, are greatly desired for routine monitoring purposes. The MNA (Mininutritional Assessment) is a tool that meets these conditions. It does not involve any invasive procedures and usually does not require extensive training to use it properly. 5 It has been widely used in assessing the nutritional status of the elderly under various conditions in many populations. However, its use as a tool for monitoring the nutritional status of HD patients is relatively unexplored. 6 We could identify only one study that compared the reliability of MNA with that of the Subjective Global Assessment (SGA). 7 Recently, we developed two modified versions of the MNA, one adopted the population-specific anthropometric cut-points for the Taiwanese population and another that further eliminated the body mass index (BMI) question and redistributed its score to other anthropometric questions in the scale. Both versions have been shown to predict the nutritional status of elderly Taiwanese under various conditions more accurately than the original MNA. [8] [9] [10] [11] [12] In the present study, we were interested in determining whether these two modified versions would be effective in predicting the nutritional status of Taiwanese HD patients. The study also attempted to identify the potential factors that affect nutritional status in these patients.
Methods
In this study, we purposively sampled 95 (50 men and 45 women) ambulatory patients who had been receiving routine HD treatment at two hospital-managed HD centers in central Taiwan. Patients were 40 years or older, had no acute disease or health condition, and had being a patient of one of the two centers for a minimum of 30 days in order to qualify as a study subject. All subjects signed a written consent after receiving a detailed explanation of the study protocol, which was approved by the Institutional Review Board of Asia University. Ethical guidelines and subjects' confidentiality were observed during the course of the study. All patients were receiving bicarbonate dialysis. The study included a questionnaire interview, anthropometric measurements, and blood biochemical measurements. A structured questionnaire interview was conducted during one of the routine HD sessions to elicit subject's basic personal data, disease history, and general health conditions and answers to questions on the Council on Nutrition Appetite Questionnaire (CNAQ) 13 and MNA 5 scales. Each subject's hip, waist, mid-arm circumference (MAC), calf circumference (CC), height, and predialysis and postdialysis body weights were also measured according to standard procedures.
14 All questionnaire interviews took place within 3 days of subject's blood sampling date. One researcher conducted all interviews and anthropometric measurements to avoid interrater errors. Serum biochemical measurements were carried out by the centers as part of their routine patient monitoring protocol.
Nutritional status of each subject was assessed with two versions of the MNA modified specifically for the elderly Taiwanese 12 from the original scale. 5, 15 Although both versions (MNA-TI [modified Taiwan version I] and MNA-TII [modified Taiwan version II]) adopted the Taiwanese-specific anthropometric cut-points, MNA-TII differed from MNA-TI in (a) MNA-TII had the BMI question (Question F) deleted from the scale and had 1 of the 3 BMI points reassigned to the MAC question and 2 to the CC question (thus maintaining the same 30 total points) and (b) MNA-TII adopted a 1 point/cm graded scoring scale for the MAC and CC questions.
Results were analyzed with SPSS 10.0 statistical computer software (Statistical Package for the Social Sciences, SPSS Base 10.0 Application Guide, 1999; SPSS Inc., Chicago, IL). The Wilcoxon signed-rank test was performed to determine the significance of differences between the two patterns predicted by the two modified versions. Pearson's correlation analyses were performed to determine the significance of correlation of serum albumin, CNAQ scores, or the MNA scores with each of the nutrition-related indicators. Multivariate linear regression analyses were performed to determine the significance of the association of subjects' nutritional status with the major sociodemographic, biochemical, and health status-related parameters.
To show the probability of a nutritional assessment tool in discriminating a nutritional risk, receiver operating characteristic (ROC) curves were generated for CNAQ, MNA-TI, and MNA-TII, respectively, using serum creatinine concentration as the reference standard. ROC curves were also generated for albumin, MNA-TI and MNA-TII, respectively, using appetite status (CNAQ score) as the reference standard. The area under the ROC curve (AUC) indicates the probability of discriminating a nutritional risk (Fig. 1) . Table 1 gives the characteristics of the study subjects. More male patients (38%) were in the younger age range (,55 years) compared with the female patients (20%). Roughly one third of male patients were current smokers and 12% were past smokers, while only one female subject smoked. Only four patients (all males) drank alcohol at least once a week, and eight patients (also all males) were routine betel quid chewers. Approximately two thirds of both male and female patients claimed to exercise routinely. Approximately 70% of patients had one or more other major chronic diseases in addition to kidney disease and roughly half of all patients were receiving four or more different prescribed medications. Eighteen percent of patients had at least one emergency hospital visit during the past 3 months, while 8% had hospital stay during the past 6 months. Fifty-six percent of male patients and 49% of female patients have been on HD treatment for 1 to 5 years; 32% and 31%, 5 to 10 years; and 18% and 7%, longer than 10 years.
Results
The MNA-TI rated 32% of male and 38% of female patients as having a less than desirable BMI (,BMI 21 kg/m 2 ) (MNA-TII omitted the BMI question). Both versions of the modified MNA rated 20% of male and 11% of female patients as having a less than desirable MAC (men ,23.5 cm and women ,22 cm). MNA-TI rated 22% of male and 13.3% of female patients (men ,28 cm and women ,25 cm) and MNA-TII rated 46% of male and 31% of female patients as having a less than desirable CC (men ,30 cm and women ,27 cm) ( Table 2) .
The MNA-TI rated 1 patient (1.1%) as malnourished, 24 patients (25.3%) as at risk of malnutrition, and 70 patients (73.7%) as normal, whereas the MNA-TII rated 2 patients (2.1%) as malnourished, 26 patients (27.4%) as at risk of malnutrition, and 67 patients (70.5%) as normal (Table 3) . These distributions are not significantly different (P . .05, Wilcoxon signed-rank test) from each other.
The MNA scores of both versions showed a high degree of correlations with most of the nutrition-related indicators except for hemoglobin and hematocrit. On the contrary, serum albumin showed only moderate levels of correlation with hemoglobin, hematocrit (in men only), percent weight loss, and MNA scores. CNAQ scores were highly significantly correlated with the MNA scores but only moderately correlated with serum albumin, serum creatinine, number of chronic diseases, and number of prescribed drugs. Most nutrition-related indicators including weight loss, number of prescribed drugs, days of hospitalization, and HD time were more strongly correlated with the MNA scores than with serum albumin or CNAQ scores (Table 4 ). Multivariate linear regression analysis showed that among the variables examined, only four indicators (CC, number of prescribed drugs, length of hospital stay during the past 6 months, and appetite status [total CNAQ scores]) were significantly associated with subjects' nutritional status. Other variables, including age, MAC, BMI, physical activity, number of chronic diseases, years of HD, dialysis time/session, normalized protein catabolic rate, and serum albumin, creatinine, phosphorus, and calcium, were not significant (Table 5) .
Under the condition that malnutrition is defined as serum creatinine concentration of less than 10 mg/dL, 16 the ROC AUC was largest with the MNA-TII. Similarly, when malnutrition is defined as CNAQ score of less than 28, the ROC AUC was also largest with the MNA-TII (Fig. 1) .
Discussion
Functionality of the Modified MNA Our earlier studies have shown that MNA-TI and MNA-TII can effectively predict the nutritional status of Taiwanese elderly under community living, 12 long-term care institution living, 9,10 and stroke rehabilitating 11 conditions. The present study has further shown that both versions of the modified MNA can effectively grade the nutritional status of Taiwanese HD patients. The two versions predicted statistically similar numbers of patients malnourished or at risk of malnutrition. Among the 95 HD patients, the MNA-TI predicted 1 patient as malnourished, 24 as at risk of malnutrition (total 26.3%), and 70 (73.7%) as normal, whereas the MNA-TII predicted 2 as malnourished, 26 as at risk of malnutrition (total 29.5%) ,and 67 (70.5%) as normal. Analysis of these distributions with Wilcoxon signed-rank test indicates that these two patterns are not significantly different from each other, suggesting that both modified versions are equally effective in predicting the nutritional status of Taiwanese HD patients.
The ability of the two modified MNA versions to effectively predict the risk of malnutrition in maintenance Taiwanese HD patients is supported by the strong correlations between the MNA scores with the major nutrition-related indicators. The MNA scores of both versions showed good correlations with many of the key nutritional indicators including appetite status (CNAQ scores), serum creatinine, percent weight loss, hospital length of stay, and HD time (all P , .001); serum albumin and number of prescribed drugs (both P , .01); and number of chronic diseases (both P , .05). The fact that MNA-TII has slightly stronger correlations with most of these indicators §Including heart disease, diabetes, hypertension, dyslipidemia, chronic respiratory diseases, chronic kidney disease, stroke, dementia, and cancer. suggests that MNA-TII has slightly better predicting power than MNA-TI. In HD patients, serum creatinine concentration is a useful nutritional indicator. 4 It reflects both the status of recent dietary protein intake (meats and other protein foods) and the body's creatinine generation. A low level of serum creatinine suggests low dietary protein intake and reduced muscle protein mass. 16 Serum creatinine is also positively correlated with serum albumin. 17 A predialysis serum creatinine level of 10 mg/dL or higher is considered normal in anuric patients. 16 When malnutrition was defined according to this criterion, the ROC AUC was largest with the MNA-TII, followed by MNA-TI and then CNAQ, suggesting that the MNA-TII has the best predicting power among the indicators. 18 
Correlation of MNA Scores With Nutritional Indicators
CNAQ is a short and simple appetite assessment tool developed by the Council for Nutritional Strategies in Long-Term Care for use with institutionalized and community-dwelling adults. 19 It has been specifically validated to identify older adults at risk of significant weight loss in the United States. 13 In a recent study, we observed that the CNAQ is also effective in assessing the appetite status of Taiwanese HD patients (unpublished observation). With malnutrition defined as a CNAQ score of less than 28, the ROC AUC was also largest for MNA-TII, followed by MNA-TI and then by albumin, again, suggesting that MNA-TII has the best predicting power. Taken together, these results suggest that MNA- *P , .05, **P , .01, ***P , .001. †No significant corrections were observed between individual's MNA scores, serum albumin concentrations, and appetite status with serum sodium, potassium, calcium, phosphorus, ferritin, total triglyceride, total cholesterol, blood urea nitrogen concentrations, protein catabolic rate, Kt/V (a dialysis adequacy indicator), and URR (urea reduction ratio).
‡Predialysis levels.
TII has the best ability to discriminate the nutritional risk status compared with MNA-TI or albumin.
The fact that subjects' MNA scores are strongly correlated with their CNAQ scores suggests that the modified MNA is effective in predicting emerging anorexia and weight loss in HD patients. Unexpected weight loss is a highly reliable index of nutritional risk in older adults or HD patients and is also a marker for increased morbidity and mortality. 4, 20, 21 Thus, MNA also has the ability to predict patients with anorexia who are at risk of subsequent weight loss, making it a valuable tool in nutritional management of HD patients.
Although serum albumin is correlated with total MNA scores and with hemoglobin and hematocrit levels, it is not significantly correlated with other nutritional indicators examined in the present study. In the multivariate regression analysis model, it is not significantly associated with the MNA scores. Thus, in HD patients, serum albumin does not appear to be a good predictor of nutritional status. In those patients, serum albumin concentration is influenced by both nutritional and inflammatory statuses. In fact, in well-dialyzed patients, inflammation has been suggested to be the principal cause of a decreased serum albumin level; protein intake plays a relatively insignificant role.
17,22

Use of MNA for Monitoring the Nutritional Status of HD Patients
Based on the strength of the correlations of the total MNA scores with most of the major nutrition-and health-related parameters and on the AUC of ROC, the evidence is strong that both versions of the modified MNA can be used to effectively grade the nutritional status of HD patients. To our knowledge, there are relatively few studies that have attempted to examine the effectiveness of MNA for assessing the nutritional status of HD patients. Afsar et al. 7 examined the reliability of the MNA for evaluating protein-energy malnutrition in HD patients and found that the MNA overestimated malnourished and at-risk patients (high false-positives) compared with SGA. Among the 137 HD patients, the MNA graded (65.7%) as malnourished or at risk of malnutrition (9.5% and 56.2%, respectively), whereas SGA graded only 32.8% as malnourished or at risk (3.6% and 29.2%, respectively). The combined proportion of malnourished and at-risk patients appeared to be high in their study, more than twice that in the current study (26.4% and 29.5% for MNA-TI and TII, respectively). The reason for the discrepancies is not apparent.
SGA is often recommended as a tool for monitoring the nutritional status of HD patients. Some studies have shown that it is a reliable and valid tool for nutritional assessment in adult HD patients. 23, 24 However, some other studies have cautioned using SGA as a stand-alone tool or considering it as a gold standard in the nutritional assessment of patients with chronic kidney disease.
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Predictors of Nutritional Status
It is of interest to note that among the parameters examined, only CC, appetite status, number of prescribed drugs, and hospital length of stay are significantly associated with the MNA scores. CC reflects lean body mass and physical status Age, body mass index, mid-arm circumference, physical activity, number of chronic diseases, years of hemodialysis, dialysis time/session, normalized protein catabolic rate, and serum albumin, creatinine, phosphorus, and calcium were also included in the model but were not significantly associated with MNA-TII scores.
*P , .05, **P , .01, ***P , .001.
and is a good indicator of mobility capability, appetite, and nutritional status. In HD patients, lean body mass is influenced not only by dietary protein and energy intakes but also by inflammatory status. 28 On the other hand, the number of prescribed drugs and hospital length of stay during the past 6 months reflect poor health conditions that will negatively affect nutritional status. It is surprising that BMI is not significantly associated with the nutritional status of HD patients.
Study Limitations
The current study has some limitations. First, participants are conveniently sampled and therefore the results may not completely represent the status of the general HD population in Taiwan. Second, the nutritional status could have been confirmed with actual dietary record examinations, which were not carried out. Third, some serum biochemical parameters such as C-reactive protein could have been determined and its impact on appetite and nutritional status been evaluated. Fourth, a direct comparison with results of the SGA could have been made but was not carried out.
Conclusions
This study suggests that the simple, reliable, and low-cost MNA may be a useful tool for routine monitoring of the nutritional status of HD patients. Based on its strength of correlation with some of the key nutritional indicators, including appetite status (CNAQ scores), serum creatinine and albumin concentrations, anthropometric measurements, and health-related parameters, the modified MNA appears to be a sensitive indicator for predicting the nutritional status of HD patients.
